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Abstract. The contaminants present in the atmosphere have a substantial impact on public health.
Among contaminants, the most important are polycyclic aromatic hydrocarbons (PAHs).
This paper is focused on the possibility of continuous PAHs monitoring and the description of
their vertical distribution using filters, which serve to purify the air before the determination of the
greenhouse gases (CO2, CH4, N2O, CO, ozone) and Hg in air, continuously sampled at 8, 50 and 230m
at the atmospheric station Křešín near Pacov and elaboration of a simple and economical method of
extraction of these filters.
The station serves as a point for monitoring the occurrence and remote transport of greenhouse gases
and selected atmospheric pollutants and for the measurements of basic meteorological characteristics.
In December, 17, 2014, a sampling of 16 priority PAHs started and lasted until December, 9,
2015. Samples were taken approximately once a month. The maximum concentration of ΣPAHs
was 15.905 ng/m3, measured at the height of 8 meters in the period of 11. 2. 2015–11. 3. 2015, the
concentration of benzo[a]pyrene exceeded the immission limit in this period by more than 50%.
By the sampling, the hypothesis about decreasing concentration of PAHs with increasing height
was confirmed, especially the decrease of heavier PAHs.
The sampling has shown that it is highly desirable to use the meteorological tower for sampling
of PAHs using PTFE filters either by including the active sampler itself, or by using pre-filters for
tropospheric ozone and gaseous elemental mercury analysers.
Keywords: vertical profile; polycyclic aromatic hydrocarbons (PAHs); air quality; extraction procedure;
HPLC; Meteorological station Křešín.
1. Introduction
Air pollution is a current problem that causes not
only climate change, but also global major health
problems. International community and large number
of states over the world try to regulate the production,
use and release of pollutants while providing as much
information as possible on the health risks associated
with these substances.
Among the substances that are severely damag-
ing the environment and human society is a group
of substances called polycyclic aromatic hydrocar-
bons (PAHs). The occurrence of these substances
is typical in both the environment and in the food
chain. The group of these substances is character-
ized as persistent for the environment, carcinogenic
and endangering healthy foetal development [19]. It
is a large group of substances, occurring mainly in
complex mixtures, whose molecules consist of two or
more condensed rings. The representative of these
compounds, benzo[a]pyrene, is a confirmed carcino-
gen [19, 45]. PAHs are substances of a lipophilic
nature, abundantly distributed into the body, usu-
ally bound in fat tissues (liver, kidney) and smaller
amounts in the adrenal glands, spleen and ovaries,
where they accumulate. Signs and symptoms of toxic
effects may occur many years after the exposure, or
in subsequent generations. PAHs enter the body not
only through the breathing patches, but also through
the skin and gastrointestinal tract [25, 36].
A number of studies regarding urban pollution
and its connection to the traffic load has been pub-
lished [2, 5, 7, 12, 20–23, 30, 39]. Atmospheric pol-
lution was also measured indirectly by moss bags or
soil [4, 38] and it indicates a greater incidence of PAHs
in an urban air, typically concentrated near urban cen-
tres and their concentrations correlate with transport
or with combustion of fuels. Lower concentrations are
found in outdoor air in remote areas [9] or due to long
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distance transport [1, 10, 11]. Unfortunately, high con-
centrations of PAHs were also detected in residential
buildings, e.g., in dormitories and offices [13, 15].
The main problem of the contamination of the en-
vironment by PAHs is their mobility, which varies
by molecular weight. Higher molecular weight PAHs
are relatively immobile due to their high molecular
weight and their extremely low volatility and solubil-
ity. Therefore, they are primarily adsorbed onto dust
particles, which then fall with the precipitation into
the soil and water. More mobile PAHs include many
compounds that differ in the number and position of
the aromatic rings and the position and type of sub-
stituents. Such PAHs can be found in remote locations
of the Earth far from their origin [34, 45]. Sorption of
PAHs occurs on solid particulate matter (SPM) (dust,
ash, soot, etc.) or aerosol droplets [19]. The retention
in the atmosphere is, of course, dependent on the
"favourable" climatic conditions. On the SPM surface,
the PAHs are subjected to chemical reactions, they
react with other pollutants, such as ozone, nitrogen
oxides and sulphur dioxide to form oxygen contain-
ing compounds (hydroxy and keto PAHs), nitro- and
dinitro-PAHs or sulfonic acids. In the air, PAHs are
exposed to photooxidation, due to the presence of
ozone, OH radicals and NOx.
Environmental monitoring has become an impor-
tant indicator of pollution by individual harmful sub-
stances and assessing the quality of life as a whole.
This information can then be linked to regulatory and
national legislation.
1.1. Legislation data sources
According to the valid legislation, the Czech Republic
is obliged to monitor the state of the air throughout
the whole state territory, to monitor emissions and
to regulate the discharge of pollutants into the air.
Immission limits are set out in the Act on Air Pro-
tection [40, as amended] and in the Decree on the
Method of Assessment and Evaluation of Pollution
Level, the scope of Information the public about the
level of pollution in smog situations [41, as amended].
For benzo[a]pyrene, this value is shown in Table 1.
This activity serves not only as legislative instru-
ments for the control of individual polluters, but also
as a built up network of monitoring stations operated
by the Czech Hydrometeorological Institute together
with private entities [31, 43].
The US-EPA and IARC selected the entire group
of 16 major polycyclic aromatic hydrocarbons for the
targeted and long-term monitoring, namely (chem-
ical name and acronym): naphthalene (NA), ace-
naphthylene (ACL), acenaphthene (ACN), fluorene
(FL), phenanthrene (PHE), anthracene (ANT), flu-
oranthene (FLU), pyrene (PY), benzo[a]anthracene
(BaA), chrysene (CHR), benzo[b]fluoranthene (BbF),
benzo[k]fluoranthene (BkF), benzo[a]pyrene (BaP),
indeno[1,2,3-cd]pyrene (IP), benzo[g,h, i]perylene
(BghiP) and dibenzo[a,h]anthracene (DBahA).
Pollutant Averaging Immission
time limit (ng/m3)
Benzo[a]pyrene Calendar year 1
Table 1. Immission limit for health protection —
total content in PM10 particles.
1.2. Monitoring of PAHs in vertical
profile
Monitoring of these 16 PAHs in the unrestricted air
is the topic of many publications, but not very often
the vertical concentration profile of PAHs was studied.
The following studies are dealing with measurements
on the roofs of buildings, garages and also in various
floors of residential buildings on busy roads (rooftop on
expressway, highway, dockside warehouse, industrial
harbour, and central Nagoya [29]; a building in an
urban area [6]; a building in an urban area and heavy
traffic [24]; a building in an express highway area [18];
industry and residential rooftops [14]; a building in
an urban area [32]; a building in an urban area [37].
The overview of the main literature sources regarding
measurements of PAHs and their vertical distribution
is given in Table 2.
Some publications deal with the determination of
the vertical profile of PAHs in urban or industrial
agglomerations [28, 35, 39]. Studies of the authors
focused on the vertical monitoring of PAHs at higher
heights in the countryside are rather limited, e.g., roof
buildings at 3m height in the farms, farm area [3], a
campus area close lake — 2.5m [33]; a rural area at
4m height [26].
A few publications are dedicated to the determining
of the PAHs vertical profile at a different heights of the
above mentioned towers: an urban area of Toronto city,
CN tower [8]; the urban tower [35, 39]; the scaffolding
tower in the forest canopy [16]; the Milad Tower of
Tehran, urban area [28].
The authors did not find any publication that would
deal with the vertical profile of PAHs at the back-
ground station and simultaneously measured PAHs
during the sampling time continuing for one month.
1.3. Air monitoring on the European
continent — observatories
Air monitoring in Europe was backed up with a unique
program of the ACTRIS (Aerosol, Clouds, and Trace
gases Research InfraStructure Network), which offers a
comprehensive program of measurements of a vertical
distribution of the aerosol, its properties and amounts
of trace gases. These observations have, at some
stations, a long history. From 18 observation stations,
16 stations are deployed in Europe, one station is in
Madagascar and one in Tenerife. Only 4 stations (Italy,
southern Sweden, Cyprus and the Czech Republic)
are dedicated to the monitoring of dust particles PM1,
PM2.5 and PM10. The Finnish station is dedicated, as
the only one, to dealing with continual determination
283
R
TR
AC
TE
D
G. Strnadová, V. Hanuš, D. Kahoun et al. Acta Polytechnica
A
rt
ic
le
C
it
y/
C
ou
nt
ry
Se
as
on
N
ot
e
3–
4
m
8–
16
m
20
–3
2
m
36
–4
4
m
60
–6
5
m
10
0–
15
8
m
20
0–
24
0
m
30
0–
33
0
m
[3
9]
;1
6
PA
H
s
T
ia
nj
in
/C
hi
na
D
ec
/J
an
ur
ba
n,
to
we
r
26
5/
40
9
33
3/
53
7
23
9/
35
9
[3
5]
;1
6
PA
H
s
Pe
ki
ng
/C
hi
na
Ja
n/
M
ar
ur
ba
n,
to
we
r
44
0.
9/
48
.8
*/
45
.5
41
4.
6/
*
39
6.
6/
52
.7
46
0.
1/
21
.2
17
4.
0/
30
.7
62
.2
/2
9.
0
[2
9]
;2
3
PA
H
s
N
ag
oy
a/
Ja
pa
n
av
er
ag
e
fo
r
fo
ur
se
as
on
s
ex
pr
es
s
hi
gh
wa
y
2.
3–
30
.1
do
ck
sid
e
wa
re
ho
us
e
1.
1–
22
.4
ce
nt
ra
lN
ag
oy
a
1.
0–
14
.7
in
du
st
ria
lh
ar
bo
ur
1.
6–
22
.1
su
bu
rb
an
re
sid
en
tia
l
3.
1–
17
.5
[6
];
13
PA
H
s
Li
wa
n/
C
hi
na
N
ov
–D
ec
ur
ba
n,
bu
ild
in
g
32
.5
–1
53
.7
W
us
ha
n/
C
hi
na
O
ct
–N
ov
ur
ba
n,
bu
ild
in
g
70
.8
–9
3.
6
X
in
gk
en
/C
hi
na
O
ct
su
bu
rb
an
,fi
el
d
39
.2
[3
3]
C
am
po
G
ra
nd
e
/B
ra
zi
l
Ju
l–
N
ov
ca
m
pu
s
cl
os
e
la
ke
8.
9–
62
.5
[2
6]
;2
3
PA
H
s
N
or
th
ce
nt
ra
l
pa
rt
/I
nd
ia
w
in
te
r
/s
um
m
er
ru
ra
l
25
8.
2/
17
5.
4
ra
in
y
ru
ra
l
52
.4
[2
4]
;1
8
PA
H
s
G
ua
ng
zh
ou
/C
hi
na
N
ov
ur
ba
n,
he
av
y
tr
affi
c,
bu
ild
in
g
83
40
.8
[1
8]
Si
ng
ap
or
e
ex
pr
es
s
hi
gh
wa
y,
bu
ild
in
g
2.
7–
6.
8
4.
5–
6.
7
0.
1–
4.
7
[1
6]
So
ut
he
rn
O
nt
ar
io
/C
an
ad
a
sp
rin
g
fo
re
st
,s
ca
ffo
ld
in
g
to
we
r
0.
2–
0.
4
(1
.5
m
)
0.
1–
0.
5
0.
1–
0.
6
0.
1–
0.
4
[2
8]
Te
hr
an
/I
ra
n
ye
ar
ur
ba
n,
M
ila
d
To
we
r
16
.2
19
.4
12
.8
14
.2
[3
2]
Ba
ng
ko
k/
T
ha
ila
nd
Fe
b
ur
ba
n,
bu
ild
in
g
0.
4
0.
5
0.
2
[3
7]
M
um
ba
i/
In
di
a
w
in
te
r
ur
ba
n,
bu
ild
in
g
39
.0
–4
2.
0
21
.0
–2
5.
0
[1
4]
X
ia
m
en
/C
hi
na
su
m
m
er
/a
ut
um
n
in
du
st
ry
,r
oo
fto
p
5.
2/
37
.0
re
sid
en
tia
l,
ro
of
to
p
1.
7/
26
.6
[3
]
m
id
pa
rt
/K
or
ea
Fe
b/
M
ay
ur
ba
n
10
9/
22
.9
ur
ba
n
41
0/
10
5
ro
of
to
p,
ru
ra
l,
fa
rm
11
9/
74
.1
ro
of
to
p,
ru
ra
l,
fa
rm
19
5/
91
.8
Table 2. The overview of the literature sources regarding measurements of PAHs and their vertical distribution.
Unit expressed in ng/m3 for ΣPAHs, the star * signifies the sampling was failed.
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Fig. 1: Czech National Monitoring Point Křešín - a steel tower of 240 metres height 
 
Methods 
After collection, the filters were packed in aluminium foil and then sealed to a plastic foil and 
dispatched to the laboratory for analysis. If the filters were not immediately analysed, they were stored 
in the freezer at -18 °C. It was found experimentally that this temperature is sufficient to avoid 
degradation of PAH. 
Fig. 2: Placing of PTFE filter in continuous analyser of tropospheric ozone 
All laboratory glassware was washed three times with redistilled water, then 3 times with a 1:1, 
(v/v) solvent mixture of acetone : hexane and dried at room temperature. After use, the glassware was 
washed again, as the first tap water was used, followed by distilled water, followed by redistilled water 
and a solvent mixture as described above. When determining the reproducibility, the glass was washed 
immediately after use. The laboratory glass was stored in the locked cabinet in reverse, or the throat 
covered with aluminium foil. 
 
Samples of filters were analysed always in the series, in order to comply with the same extraction 
conditions. In the laboratory the collecting filter was carefully removed with tweezers from the 
aluminium foil and inserted into an Erlenmeyer flask, to which 10 ml of a mixture of extraction agents 
was added, which was formed by acetone : hexane (1:1, v/v).  Each sample was spiked with 100 µl of 
Figure 1. Czech National Monitoring Point Křešín —
a steel tower of 240 metres height.
of PAHs from the atmosphere [44]. Tropospheric
ozone is measured at 5 stations (Italy, France, Finland,
Czech Republic and Spain) and gaseous elemental
mercury is measured only in Finland and in the Czech
Republic.
1.4. The goal of the study
The goal of the study was the evaluation and verifi-
catio of the possibility of onitoring of PAHs dis-
tribu ion from the pre-filters of mercury and ozone
analysers available on Křešín meteorological tower and
the elaboration of a simple and economical method of
n extraction of th se filters.
This study also focused on a proposal of filter re-
placement periods, suggestion of sampling heights and
filter porosity to obtain high-quality data so that a
continual long-term monitoring of the vertical dis-
tribution of pollutants in the atmosphere could be
continued in the following years.
2. Materials and methods
2.1. Materials
This study was conducted in the neighbourhood of
Košetice Observatory (N49° 35’, E 15° 05’, elevation
534m). Very close to the existing meteorological obser-
vatory in Košetice, the high atmospheric tower (height
240 meters) for scientific purposes was built in 2012
on the locality Křešín, fulfilling the function of the
Czech National Monitoring Point for the monitoring
and long-term measurements of the greenhouse gases
content in the air and monitoring of the air cleanliness
in higher atmospheric layers.
As can be seen in the picture (Figure 1), the site
is located in a relatively flat landscape. The tower is
owned by the Global Change Research Institute, v.v.i.,
Czech Academy of Sciences. The operator goes to the
top by the rack electric elevator through the centre of
the tower. The tower is anchored by five steel ropes
and three giant reinforced concrete basis. [42, 43].
On the tower, there is, among other items, contin-
uous determination of ozone and mercury. Prior to
these analysers, 47mm PTFE filters, 5µm porosity
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Figure 2. Placement of PTFE filter in continuous
analyser of tropospheric ozone.
for the ozone analyser, and 0.2µm for ercury anal-
yser, both located in the PTFE holder (Figure 2) were
placed in the line in order to prevent particulate mat-
ter from penetrating the analysers. In front of these
filters is a polyamide net against insects and coarse
particulate m tter. The air is not subjected to drying.
2.2. Methods
After collection, the filters were packed in an alu-
minium foil and then sealed to a plastic foil and dis-
patched to the laboratory for the analysis. If the filters
were not immediately analysed, they were stored in
the freezer at −18 °C. It was found experimentally that
this temperature is sufficient to avoid a degradation
of the PAH.
All laboratory glassware was washed three times
with redistilled water, then 3 times with a 1 : 1, (v/v)
solvent mixture of acetone : hexane and dried at a
room temperature. After the use, the glassware was
washed again, first, the tap water was used, followed
by a distilled water, followed by a redistilled water
and a solvent mixture as described above. When
determining the reproducibility, the glass was washed
immediately after use. The laboratory glass was stored
in the locked cabinet in reverse, or the throat was
covered with an aluminium foil.
Samples of filters were always analysed in series, in
order to comply with the same extraction conditions.
In the laboratory, the collecting filter was carefully
removed with tweezers from the aluminium foil and
inserted into an Erlenmeyer flask, to which 10ml of
a mixture of extraction agents was added, which was
formed by acetone : hexane (1 : 1, v/v). Each sample
was spiked with 100 µl of 9,10-diphenylanthracene
(as an internal standard) with the concentration of
100 µg/l. The sample was placed in an ultrasonic
bath and extracted for 10 minutes. After this time,
the extraction solvent was transferred into the pear
shaped flasks. The extraction was repeated with 10ml
of the extraction reagent for 10 minutes and this
second part was adding too. Then, 500 µl of keeper
(a mixture of isopropanol : diethylene glycol in a ratio
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Sampling points
Date of collection 8m 50m 230m
14. 1. 2015 6.683 4.859 4.125
11. 3. 2015 15.905 11.867 9.624
8. 4. 2015 5.372 3.881 3.369
6. 5. 2015 1.533 1.033 0.741
27. 5. 2015 0.894 0.609 0.449
17. 6. 2015 0.415 0.34 0.368
15. 7. 2015 0.238 0.179 0.208
9. 9. 2015 0.458 0.399 0.416
7. 10. 2015 1.555 1.2 0.821
11. 11. 2015 4.223 2.68 0.654
9. 12. 2015 5.231 3.72 1.94
Table 3. The sum of PAHs at different height trapped
on the filters in front of the ozone analyser (ng/m3)
of 4 : 1, v/v) was added and the extract evaporated
in a rotary vacuum evaporator nearly to dryness. The
rest of the keeper, containing the analytes, in the pear
shaped flask was diluted with 1ml of mobile phase
(acetonitrile : double-distilled water in a ratio of 1 : 1
v/v) and transferred into an Eppendorf vial. The
sample was cleaned and cleared of solid impurities
by centrifugation at 15000 rpm, 20 °C for 10 minutes.
The supernatant (approximately 800µl) was carefully
removed by a syringe from the centrifuge tubes and
transferred into a dark vial for analysis.
Analysis of the extracts was performed according to
the described method (Supelco Application No. 138)
with a small modification by HPLC-DAD-FLD, both
detectors connected in series. The following solvents
were used for the sample preparation and for the
analysis. Acetone (for organic Ultra Resi-Analyzed),
J.T.Baker, hexane (for organic Ultra Resi-Analyzed),
J.T.Baker, isopropyl alcohol (suitable for liquid Chro-
matography and UV-Spectrophotometry, Chrom AR
HPLC), Macron, acetonitrile (Chrom AR HPLC Su-
per Gradient), Macron, diethylene glycol (puriss p.a.),
Sigma-Aldrich and PAH–Mix-9, Dr. Ehrenstorfer
GmbH (X 20950009AL, lot: 30325AL) 100 ng/µl in
acetonitrile. Gradient elution was used in the analysis.
This method had the following conditions: a Dionex
Ultimate liquid chromatograph from Thermo Scientific
(USA) was used for the analysis, two detectors were
used in series, the DAD 3000 RS spectrophotometer
for acenaphthylene analysis and the fluorescence de-
tector FLD 3000 RS to determine the other 15 PAHs.
The chromatographic column was a Waters PAH C18
column (250× 3mm; 5µm), eluting with a gradient.
Eluent A: water/acetonitrile 1 : 1 (v/v), eluent B:
100% acetonitrile, mobile phase: flow rate: 1ml/min,
column temperature: 35 °C and 90µl sample injec-
tion. This method was performed with a very good
separation and validation of the measured results.
The calibration curve was routinely analysed and
validated in the range of 0.1–10µg/l (7 concentration
levels, each in 3 independent repeats).
Sampling points
Date of collection Ground
3. 12. 2014 7.367
17. 3. 2015 8.022
8. 4. 2015 5.702
6. 5. 2015 2.222
3. 6. 2015 0.799
1. 7. 2015 0.347
29. 7. 2015 0.366
9. 9. 2015 0.463
7. 10. 2015 1.882
31. 10. 2015 4.03
2. 12. 2015 4.111
Table 4. The sum of PAHs at ground trapped on the
filters in front of the mercury analyser (ng/m3).
3. Results and discussion
For the determination of PAHs, there are many meth-
ods for qualitative and quantitative analysis and many
techniques for pre-cleaning of the samples from indi-
vidual matrices in the literature. The question of
what method to choose is probably the most impor-
tant one. The vast majority of publications propose
the extraction procedure using the Soxhlet extrac-
tion [3, 16, 28, 32, 35], alternatively, an extraction in
the ultrasonic bath [24, 27, 30, 31, 33]. As extraction
agents, a variety of solvents, mainly dichloromethane,
methanol, petroleum ether and others, was used.
The chromatographic analysis of the PAHs was
largely based on GC/MS [3, 6, 16, 18, 24, 28], GC/MS-
MS [32] and GC /LRMS [27]. As an example of liquid
chromatography application for the analysis of PAHs
is the publication [31]. For the analysis of 10 heavier
PAHs, they used FLD detector, column Pursuit 3
PAH (100× 4.6mm), mobile phase acetonitrile : water
(60 : 40) and flow rate 0.5ml/min.
Our work was focused on the monitoring of the
PAHs at the Křešín background station and their
analysis in December 2014–December 2015 in the ver-
tical profile, while 16 US EPA PAHs were analysed
in the monthly sampling interval. We have chosen
the ultrasonic extraction using acetone : hexane (1 : 1,
v/v) as the extraction solvent and the liquid chro-
matography using FLD detector for the analysis.
The values presented in the following tables are
the sum of the PAHs for individual periods found on
dust particles on filters with a porosity of 5µm and
0.2µm, which means that a fractions of 5µm particles
and greater were trapped on the filters of the ozone
analyser (Table 3) at different heights and fractions of
0.2µm and higher were trapped on the filters of the
mercury analyser (Table 4) on the ground.
The total concentration of the PAHs adsorbed on
dust particles and trapped on filters from the ozone
analyser in the period of 11. 2. 2015–11. 3. 2015 shows
the highest concentration at all three heights (8, 50
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In the context of decreasing concentration with height, several publications also mentioned the 
current drop in summer, as opposed to the winter season (Tao et al., 2007, Masih et al., 2012, Hong 
HuaSheng et al., 2007, Bae et al., 2002). The authors (Masih et al., 2012) compared not only the winter 
and summer season, but also the rainy season in which the PAHs concentrations were the lowest. 
Most of these publications focus only on a short sampling time, because of higher financial cost of 
active sampling.  
Overview of the measurements for four individual seasons at 20 m height is reported by a team of 
authors (Ohura et al., 2016), their sampling is limited for only 3 days, but for 4 seasons. Moeinaddini 
et al. (2014) monitored the vertical profile during October 2011- March 2012, however, the results are 
presented as the sum of individual PAHs for all periods, the contribution of 200 and 300 m 
concentration was explained as long-distance transport of pollutants. 
Tao et al. (2007) supposed a uniform layering of PAHs in the atmosphere, but at the same time 
they claim that this assumption is working with high uncertainties only and it is based on the estimation 
of atmospheric concentrations and their movement in the atmosphere.  
Concentration of individual polycyclic aromatic hydrocarbons, starting from hydrocarbon with 
M.W. of 202 g/mol (Fluoranthene), shows a trend of decreasing concentration with the height (Fig. 3). 
PAHs with 4 to 6 aromatic rings have the highest concentration at all heights in the period of 11.2.2015-
11.3.2015, with the concentration decreasing with increasing height and the lowest concentrations in 
the period of 17.6.2015-15.7.2015 at 230 m. 
Fig. 3: Concentration of individual PAHs (16 PAHs according U.S. EPA) at different heights trapped on the filters from ozone analyser. 
Sampling period 17.12.2014 - 9.12.2015. Unit expressed in ng/m3 
Figure 4 shows again the decrease in concentrations with the height. Regarding the concentrations of 
lower molecular weight PAHs (2 and 3 rings), there is no such steep difference in concentration 
decreases in the comparison with the higher molecular weight PAHs (the result may be distorted by 
acenaphthylene whose concentration during the year was below the detection limit). PAHs with 4 
aromatic rings reached the highest concentrations in all periods at all measured heights. 
Figure 3. Concentration of individual PAHs (16 PAHs according U.S. EPA) at different heights trapped on the
filters from ozone analyser. Sampling period 17. 12. 2014–9. 12. 2015. Unit expressed in ng/m3
and 230m) 15.905, 11.867 and 9.624 ng/m3 with a
decreasing concentration trend with a higher sampling
height. The lowest total concentration of the PAHs
of 0.179 ng/m3 is then found at the height of 50m
from the period of 17. 6. 2015–15. 7. 2015, with a
value of 0.208 ng/m3 from 230m height and value of
0.238 ng/m3 at height of 8m.
When we compare the concentration levels from
different heights, we can see a trend of a decreasing
concentration of the PAHs with increasing height: con-
centration measured at different levels from 8 to 320m
on the tower [35]; 4 and 13m [37]; 24 and 36m [24]; for
comparison, see Table 2. Steeply decreasing tendency
with height in 30, 90, 150, 210, 270 and 360 meters on
the Toronto CN Tower is also reported [8], where it
points out urban areas as the source of pollution. In
the scientific study [39], the highest concentration is
at 40m height in the winter period (measured heights
of 20, 40 and 60m) in the urban area. The authors
of [17] monitored gradient dependence of 8 PAHs con-
centration in different floors of buildings in New York,
with the highest concentrations of nonvolatile and
semivolatile PAHs found on the 3rd-5th floor com-
pared to the monitored PAHs in 0-2nd and 6th–32nd
floors. Pongpiachan [32] found the highest concentra-
tion in 158 m compared to 38 and 328 m in winter
in the urban atmosphere of Bangkok City. A mea-
surement on a scaffolding tower 45m high in the leafy
forest in Canada, where the sampling points were in
1.5, 16.7, 29.1 and 44.4m, were performed [16] and
they noted a decrease in low PAHs the gas phase
with the height, namely phenantrene, anthracene, and
pyrene.
In the context of decreasing concentration with
height, several pub ications also m ntioned the current
drop in summer, as opposed to the winter season [3,
14, 26, 35]. The authors of [26] compared not only the
winter and summer season, but also the rainy season,
in which the PAHs concentrations were the lowest.
Most of these publications focus only on a short
sampling time, because of a higher financial cost of
active sampling.
Overview of the measurements for four individual
seasons at 20m height is reported [29], their sampling
is limited for only 3 days, but for 4 seasons. The
vertical profile during October 2011–March 2012 was
monitored [28], however, the results are presented as
the sum of individual PAHs for all periods, the contri-
bution of 200 and 300m concentration was explained
as a long-distance transport of pollutants.
A uniform layering of PAHs in the atmosphere was
supposed [35], but at the same time, the authors
claim that this assumption is working with high un-
certainties only and it is based on the estimation of
atmospheric concentrations and their movement in
the atmosphere.
Concentration of individual polycyclic aromatic hy-
drocarbons, starting from hydrocarbon with M.W. of
202 g/mol (Fluoranthene), shows a trend of decreas-
ing concentration with the height (Figure 3). The
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Fig. 4: Concentrations of 2-, 3-, 4-, 5- and 6-ring PAHs measured on the tower at different heights, on the filters from ozone analysers: 2-ring 
PAHs include naphthalene; 3-ring PAHs include acenaphthylene, acenaphthene, fluorene, phenanthrene and anthracene; 4-ring PAHs 
include fluoranthene, pyrene, benzo[a]anthracene and chrysene; 5-ring PAHs include benzo[b]fluoranthene, benzo[k]fluoranthene, 
benzo[a]pyrene and dibenzo[ah]anthracene; 6-ring PAHs include indeno[123-cd]pyrene and benzo[ghi]perylene. Sampling period 
17.12.2014 - 9.12.2015. Unit expressed in ng/m3. 
It is possible to see in the Figure 3 that there is also a certain stable composition of PAHs throughout 
the sampling period, i.e., the meteorological station really measures the relatively stable background 
concentration of PAHs. In Figure 3 we also see that PAHs create 4 dominants pairs of hydrocarbons. 
Their percent representation for a height of 230 m is shown in Figure 5. 
 
Fig. 5: An example of the layering of four individual pairs in % at a height of 230m. Sampling period 17.12.2014 - 9.12.2015. 
Figure 4. Concentrations of 2-, 3-, 4-, 5- and 6-ring PAHs measured on the tower at different heights, on the filters
from ozone analysers: 2-ring PAHs include naphthalene; 3-ring PAHs include acenaphthylene, acenaphthene, fluorene,
phenanthrene and anthracene; 4-ring PAHs include fluoranthene, pyrene, benzo[a]anthracene and chrysene; 5-ring
PAHs include benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene and dibenzo[ah]anthracene; 6-ring PAHs
include indeno[123-cd]pyrene and benzo[ghi]perylene. Sampling period 17. 12. 2014–9. 12. 2015. Unit expressed in
ng/m3.
PAHs with 4 to 6 aromatic rings have the highest con-
centration at all heights in the period of 11. 2. 2015–
11. 3. 2015, with the concentration decreasing with
increasing height and the lowest concentrations in the
period of 17. 6. 2015–15. 7. 2015 at 230m.
Figure 4 shows again the decrease in concentrations
with height. Regarding the concentrations of lower
molecular weight PAHs (2 and 3 rings), there is no
such steep difference in concentration decrease in com-
parison with the higher molecular weight PAHs (the
result may be distorted by acenaphthylene, whose con-
centration was below the detection limit during the
year). The PAHs with 4 aromatic rings reached the
highest concentrations in all periods at all measured
heights.
In the Figure 3, it is possible to see that there is
also a certain stable composition of PAHs throughout
the sampling period, i.e., the meteorological station
really measures the relatively stable background con-
centration of PAHs. In Figure 3, we can also see
that PAHs create 4 dominants pairs of hydrocarbons.
Their percent representation for a height of 230m is
shown in Figure 5.
The hypothesis that the proportion of heavier PAHs
with the sampling height is decreasing was confirmed.
This difference is minimal in the summer, which is
related to th generally lower c ncentrat ons of all
PAHs (the sum of PAHs was calculated starting from
M.W. of 202 g/mol and higher) (Figure 6).
Table 5 from the ozone analyser represents the time
development of the concentration level of the indi-
vidual PAHs, depending on the different sampling
heights during the monitored period (the highest and
lowest concentrations are marked with colour). It is
clear from the Table 5 that the highest concentrations
occurred at each sampling height in the period of
11. 2. 2015–11. 3. 2015, the maxima being at 8m sam-
pling height and the lowest concentrations occurred in
the period of 17. 6. 2015–15. 7. 2015, with the lowest
concentration being at 230m sampling height.
During our research study, we also focused on
benzo[a]pyrene (BaP), which is, according to the
IARC, Group 1 carcinogen. This most carcinogenic
and mutagenic hydrocarbon with 5 rings was found
present in the air [3] in 2 places in an urban area with
the concentration of 0.61 and 0.73 ng/m3 in winter and
in 2 places on a farm on the rooftop (3m) with the con-
centration of 0.17 and 0.53 ng/m3 in the same season.
Nagoya metropolis was measured and authors [29]
found the concentration of BaP inside and in periph-
eral area 0.06–1.45 ng/m3 and 0.05–3.75 ng/m3, both
in 20m above the ground.
The large difference in the BaP concentrations in
the winter and summer season is described in the
article [33]. The authors measured the BaP at the
height of 2.5m in campus near Brazilian city Campo
Grande and the concentration of the BaP was ranging
from 8.9-62.5 ng/m3.
In spite of the fact that meteorological station
Křešín near Pacov is a background station, the mea-
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Table 5. Concentration of individual PAHs in different periods and different heights, filters from ozone analysers
(ng/m3). LOQ the limit of quantification for ACL 0.5pg/m3, for PHE 0.1pg/m3.
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Fig. 4: Concentrations of 2-, 3-, 4-, 5- and 6-ring PAHs measured on the tower at different heights, on the filters from ozone analysers: 2-ring 
PAHs include naphthalene; 3-ring PAHs include acenaphthylene, acenaphthene, fluorene, phenanthrene and anthracene; 4-ring PAHs 
include fluoranthene, pyrene, benzo[a]anthracene and chrysene; 5-ring PAHs include benzo[b]fluoranthene, benzo[k]fluoranthene, 
benzo[a]pyrene and dibenzo[ah]anthracene; 6-ring PAHs include indeno[123-cd]pyrene and benzo[ghi]perylene. Sampling period 
17.12.2014 - 9.12.2015. Unit expressed in ng/m3. 
It is possible to see in the Figure 3 that there is also a certain stable composition of PAHs throughout 
the sampling period, i.e., the meteorological station really measures the relatively stable background 
concentration of PAHs. In Figure 3 we also see that PAHs create 4 dominants pairs of hydrocarbons. 
Their percent representation for a height of 230 m is shown in Figure 5. 
 
Fig. 5: An example of the layering of four individual pairs in % at a height of 230m. Sampling period 17.12.2014 - 9.12.2015. Figure 5. An example of the layering of four individual pairs in % at a height of 230m. Sampling period
17. 12. 2014–9. 12. 2015.
sured concentration of the BaP exceeded the limit
value (see Table 1) in two cases (Figure 7), how-
ever, the proportion of heavier PAHs was significantly
higher than the BaP. The highest concentrations of
BaP we have measured were in the winter season
(1.51 ng/m3 for 8m height) and 1.11 ng/m3 for 50m
height and for the same period. In 230m height,
the BaP concentration of 0.85 ng/m3 was under the
immission limit.
3.1. Filters from mercury analyser
As supplementary measurements, we present the val-
ues of the concentrations in the collection filters from
mercury analyser at the base of the tower. The sam-
ples were taken at the sampling period different than
in the case of the ozone analyser filters and filters also
had a different porosity of 0.2µm, so these values can-
not be compared adequately, however, again, higher
concentrations of the PAHs in the winter months than
in the summer months are clearly visible (Fig 8).
3.2. Conclusion
Measurements of PAHs concentrations from December
17, 2014 to December 9, 2015 at Křešín near Pacov me-
teorological background station have produced unique
results. Unique, because in the literature, a contin-
uous monthly sampling at different heights at the
background station has not been described yet. The
concentration of the PAHs measured at the Křešín
near Pacov meteorological tower verified the hypoth-
esis of the concentration decrease of the individual
hydrocarbons with the increasing height and the de-
pendence of this concentration on the season. The
total concentration of the PAHs in this period was
15.905, 11.867 and 9.624 ng/m3 for heights of 8, 50
and 230m.
The samples taken continuously for one month are
characterizing the concentration of the individual
PAHs observed during the year, especially the de-
crease in the concentration of high molecular weight
PAHs along with increasing height. By the mea-
surements, a higher proportion of heavier PAHs was
found, for which no immission limits are set, e.g.,
concentration of the pairs of fluoranthene and pyrene
in March 2015 (sum) 4.077, 3.139 and 2.895 ng/m3,
chrysene and benzo[b]fluoranthene 3.659, 2.768 and
2.088 ng/m3, benzo[ghi]perylene and indeno[1,2,3-
cd]pyrene 3.307, 2.404 and 1.673 ng/m3 compared
to a pair of benzo[a]pyrene and benzo[k]fluoranthene
2.382, 1.782 and 1.331 ng/m3 at the height of 8, 50
and 230m.
Higher concentrations of benzo[a]pyrene of 1.507
and 1.113 ng/m3, which exceeded the allowed immis-
sion limit value, were measured only in the winter of
2015 at two heights of 8 and 50m, which could be
caused by the heating season.
Due to the interesting results from 2015, the au-
thors will continue to carry out further measurements
not only on PTFE filters on already existing equip-
ment, but also on passive analysers located directly on
the meteorological tower (PUF and XAD sorbents).
Another goal is to conduct a pilot single air sampling
from one specific height (230m) using the portable
active SKC Leland Legacy sampler, which has its own
filtration equipment (PTFE or Quartz filters). Mea-
surement of PAHs will be complemented by weather
data, such as wind direction, wind rotation, humidity,
temperature and air pressure.
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Fig. 6: The sum of heavier PAHs concentration (4-6ring) for each height. The following PAHs are included: fluoranthene, pyrene, 
benzo[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene, indeno[1,2,3-cd]pyrene, benzo[g,h,i]perylene 
and dibenzo[a,h]anthracene, filters from ozone analysers. Unit expressed in ng/m3 
The hypothesis that the proportion of heavier PAHs with the sampling height is decreasing was 
confirmed. This difference is minimal in the summer, which is related to the generally lower 
concentrations of all PAHs (the sum of PAHs was calculated starting from M.W. of 202 g/mol and 
higher) (Fig. 6). 
Table 5: Concentration of individual PAHs in different periods and different heights, filters from ozone analysers (ng/m3). LOQ the limit of 
quantification for ACL 0.5pg/m3, for PHE 0.1pg/m3.  
Table 5 from the ozone analyser represents the time development of the concentration level of the 
individual PAHs, depending on the different sampling heights during the monitored period (the highest 
and lowest concentrations are marked with colour). It is clear from the Table 5 that the highest 
concentrations occurred at each sampling height in the period of 11.2.2015-11.3.2015, the maxima 
Date of 
collection
Σ (ng/m3) NA ACL ACN FL PHE ANT FLU PY BaA CHR BbF BkF BaP DBahA BghiP IP Height
14.1.2015 6.683 0.016 < LOQ 0.007 0.052 0.570 0.047 0.862 0.859 0.448 0.742 0.820 0.368 0.576 0.051 0.672 0.594 8m
11.3.2015 15.905 0.028 < LOQ 0.012 0.066 1.187 0.029 2.024 2.053 1.030 1.586 2.073 0.875 1.507 0.127 1.722 1.585 8m
8.4.2015 5.372 0.012 < LOQ 0.008 0.026 0.414 0.022 0.724 0.728 0.340 0.529 0.687 0.298 0.508 0.044 0.535 0.496 8m
6.5.2015 1.533 0.005 < LOQ 0.002 0.003 0.094 0.004 0.142 0.155 0.066 0.113 0.235 0.101 0.150 0.017 0.238 0.208 8m
27.5.2015 0.894 0.002 < LOQ 0.001 0.001 0.052 0.001 0.109 0.119 0.047 0.073 0.125 0.051 0.091 0.009 0.119 0.093 8m
17.6.2015 0.415 0.017 < LOQ < LOQ 0.001 0.031 0.002 0.060 0.047 0.017 0.034 0.065 0.019 0.034 0.004 0.045 0.039 8m
15.7.2015 0.238 0.003 0.086 < LOQ < LOQ 0.011 0.000 0.022 0.018 0.006 0.014 0.021 0.009 0.010 0.001 0.018 0.020 8m
9.9.2015 0.458 0.001 0.057 0.001 0.002 0.026 0.001 0.060 0.060 0.016 0.039 0.065 0.020 0.029 0.004 0.036 0.039 8m
7.10.2015 1.555 0.009 0.051 0.001 0.004 0.086 0.004 0.155 0.150 0.073 0.119 0.209 0.101 0.125 0.016 0.216 0.235 8m
11.11.2015 4.223 0.013 0.173 0.001 0.006 0.123 0.008 0.402 0.402 0.202 0.368 0.623 0.314 0.350 0.046 0.547 0.644 8m
9.12.2015 5.231 < LOQ 0.055 0.007 0.012 0.247 0.023 0.555 0.600 0.367 0.541 0.619 0.366 0.463 0.045 0.679 0.649 8m
14.1.2015 4.859 0.009 < LOQ 0.005 0.036 0.457 0.035 0.646 0.634 0.307 0.478 0.643 0.279 0.409 0.043 0.451 0.428 50m
11.3.2015 11.867 0.036 < LOQ 0.010 0.051 0.821 0.022 1.587 1.552 0.735 1.153 1.615 0.669 1.113 0.101 1.251 1.153 50m
8.4.2015 3.881 0.010 < LOQ 0.005 0.020 0.320 0.013 0.555 0.520 0.224 0.347 0.502 0.213 0.348 0.038 0.396 0.370 50m
6.5.2015 1.033 0.004 < LOQ 0.001 0.003 0.072 0.001 0.112 0.126 0.037 0.070 0.170 0.064 0.082 0.013 0.147 0.131 50m
27.5.2015 0.609 0.001 < LOQ 0.001 0.001 0.034 0.001 0.079 0.073 0.032 0.053 0.087 0.036 0.060 0.007 0.077 0.069 50m
17.6.2015 0.340 0.012 < LOQ < LOQ < LOQ 0.024 0.001 0.051 0.039 0.013 0.028 0.054 0.016 0.029 0.003 0.036 0.033 50m
15.7.2015 0.179 0.002 0.064 < LOQ < LOQ 0.011 0.000 0.018 0.016 0.004 0.010 0.014 0.006 0.007 0.001 0.012 0.013 50m
9.9.2015 0.399 0.003 0.057 0.001 0.002 0.023 0.001 0.053 0.044 0.014 0.032 0.056 0.019 0.025 0.004 0.031 0.034 50m
7.10.2015 1.200 0.006 0.067 0.001 0.003 0.087 0.004 0.129 0.121 0.057 0.092 0.146 0.074 0.094 0.011 0.146 0.164 50m
11.11.2015 2.680 0.006 0.082 0.006 0.005 0.154 0.008 0.350 0.317 0.134 0.243 0.330 0.166 0.214 0.025 0.306 0.332 50m
9.12.2015 3.720 < LOQ 0.045 0.007 0.008 0.156 0.017 0.417 0.462 0.250 0.370 0.429 0.256 0.342 0.031 0.445 0.485 50m
14.1.2015 4.125 0.006 < LOQ 0.004 0.023 0.431 0.035 0.631 0.606 0.266 0.385 0.470 0.205 0.338 0.032 0.354 0.340 230m
11.3.2015 9.624 0.016 < LOQ 0.006 0.054 0.865 0.025 1.454 1.441 0.600 0.915 1.173 0.478 0.853 0.071 0.859 0.814 230m
8.4.2015 3.369 0.010 < LOQ 0.004 0.024 0.344 0.010 0.546 0.507 0.194 0.304 0.388 0.163 0.290 0.025 0.283 0.278 230m
6.5.2015 0.741 0.003 < LOQ < LOQ 0.002 0.057 0.000 0.098 0.109 0.037 0.068 0.108 0.043 0.057 0.008 0.079 0.072 230m
27.5.2015 0.449 0.001 < LOQ 0.001 0.001 0.026 0.000 0.068 0.064 0.026 0.046 0.062 0.024 0.040 0.004 0.045 0.041 230m
17.6.2015 0.368 0.010 < LOQ < LOQ < LOQ 0.024 0.002 0.055 0.044 0.014 0.031 0.059 0.018 0.033 0.004 0.040 0.036 230m
15.7.2015 0.208 0.002 0.120 < LOQ < LOQ 0.006 < LOQ 0.017 0.014 0.003 0.010 0.012 0.005 0.006 0.001 0.005 0.006 230m
9.9.2015 0.416 0.005 0.121 0.002 0.003 0.021 0.001 0.048 0.040 0.012 0.029 0.047 0.015 0.022 0.003 0.024 0.025 230m
7.10.2015 0.821 0.007 0.077 0.001 0.003 0.047 0.003 0.104 0.098 0.040 0.072 0.096 0.046 0.053 0.006 0.076 0.091 230m
11.11.2015 0.654 0.013 0.064 0.001 < LOQ < LOQ 0.002 0.099 0.087 0.032 0.065 0.079 0.037 0.048 0.007 0.058 0.063 230m
9.12.2015 1.940 < LOQ 0.087 < LOQ 0.003 0.173 0.010 0.247 0.253 0.111 0.162 0.206 0.108 0.155 0.014 0.210 0.201 230m
the highest value the lowest value
Figure 6. The sum of heavier PAHs concentration (4-6ring) for each height. The following PAHs are included:
fluoranthene, pyrene, benzo[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene,
indeno[1,2,3-cd]pyrene, benzo[g,h,i]perylene and dibenzo[a,h]anthracene, filters from ozone analysers. Unit expressed
in ng/m3
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being at 8 m sampling height and the lowest concentrations occurred in the period of 17.6.2015-
15.7.2015, with the lowest concentration being at 230 m sampling height. 
We focused during our research study also on benzo[a]pyrene (BaP) which is according IARC 
Group 1 carcinogen. This most carcinogenic and mutagenic hydrocarbon with 5 rings was found and 
presented in the air by Bae et al. (2002) in 2 places in urban area in the concentration of 0.61 and 
0.73 ng/m3 in winter and in 2 places in farm on the rooftop (3 m) in the concentration of 0.17 and 
0.53 ng/m3 in the same season. Ohura et al. (2016) measured the concentration of BaP inside and in 
peripheral area of Nagoya metropolis and found 0.06-1.45 ng/m3 and 0.05-3.75 ng/m3, both in 20 m 
above the ground.  
The large difference in BaP concent tions in the winter and summer sea on is described in the 
article (Re-Poppi and Santiago-Silva, 2005). The authors measured BaP at a height of 2.5 m in campus 
near Brazilian city Campo Grande and the concentration of BaP was ranging from 8.9-62.5 ng/m3. 
Fig. 7: Concentration of benzo[a]pyrene in different periods and different heights, filters from ozone analysers. Unit expressed in ng/m3 
In spite of the fact that meteorological station Křešín near Pacov is background station the measured 
concentration of BaP exceeded the limit value (see Table 1) in two cases (Fig. 7), however the 
proportion of heavier PAHs was significantly higher than BaP. The highest concentrations of BaP we 
have measured were in the winter season (1.51 ng/m3 for 8 m height) and 1.11 ng/m3 for 50 m height 
and for the same period. In 230 m height BaP concentration of 0.85 ng/m3 was under the immission 
limit. 
Figure 7. Concentration of benzo[a]pyrene in different periods and different heights, filters from ozone analysers.
Unit expressed in ng/m3
13 
 
Filters from mercury analyser 
As supplementary measurements we present the values of the concentrations in the collection 
filters from mercury analyser at the base of the tower. The samples were taken at the sampling period 
other than in the case of ozone analyser filters and filters had also a different porosity of 0.2 μm, so 
these values cannot be compared adequately, however, again, higher concentrations of PAHs in the 
winter onths than in the summer months are clearly visible (Fig 8). 
Fig. 8: Sum of PAHs collection at the base of the tower, sampling period 31.12.2014 – 2.12.2015. Concentration of individual PAHs on the 
ground, filters from mercury analyser (ng/m3) 
CONCLUSION  
Measurements of PAHs concentrations from December 17, 2014 to December 9, 2015 at Křešín 
near Pacov meteorological background station have produced unique results. Unique because in the 
literature there has been not described continuous monthly sampling at different heights at the 
background station yet. The concentration of PAHs measured at the Křešín near Pacov meteorological 
tower verified the hypothesis of the concentration decrease of the individual hydrocarbons together 
with the increasing height and the dependence of this concentration on the season. The total 
concentration of PAHs in this period was 15.905, 11.867 and 9.624 ng/m3 for heights of 8, 50 and 
230 m. 
Samples taken continuously for one month are characterizing well the concentration of the 
individual PAHs observed during the year, especially the decrease in the concentration of high 
molecular weight PAHs along with increasing height. By the measurements a higher proportion of 
heavier PAHs was found for which no immission limits are set, e.g. concentration of the pairs of 
fluoranthene and pyrene in March 2015 (sum) 4.077, 3.139 and 2.895 ng/m3, chrysene and 
benzo[b]fluoranthene 3.659, 2.768 and 2.088 ng/m3, benzo[ghi]perylene and indeno[1,2,3-cd]pyrene 
3.307, 2.404 and 1.673 ng/m3 compared to a pair of benzo[a]pyrene and benzo[k]fluoranthene 2.382, 
1.782 and 1.331 ng/m3 at the height of 8, 50 and 230 m. 
Higher concentrations of benzo[a]pyrene of 1.507 and 1.113 ng/m3, which exceeded the allowed 
immission limit value, were measured only in the winter of 2015 at two heights of 8 and 50 m, which 
could be caused by the heating season. 
Figure 8. Sum of PAHs collection at the base of the tower, sa pling period 31. 12. 2014–2. 12. 2015. Concentration
of individual PAHs on the ground, filters from mercury analyser (ng/m3)
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